Although the existence of gonococcal arthritis has been recognized for many years, the clearer delineation of Reiter's syndrome has cast doubt upon the value of many former descriptions of the disease. It is evident that cases of Reiter's syndrome, sometimes with co-existing gonococcal urethritis, have been included in series from which deductions concerning the clinical picture of gonococcal arthritis have been drawn.
An analysis has, therefore, been made of 214 cases of arthritis thought to be associated with venereal disease, seen at the Johns Hopkins Hospital, to provide a comparative description of gonococcal arthritis (gc. arthritis) and Reiter's syndrome in the same hospital population. Another aim of the study has been to determine the similarities between cases of proven gc. arthritis and those in which the diagnosis was considered likely, although no organism was grown from the joint, and thus to test the probability of such a diagnosis being correct. The differences between definite gc. arthritis and other pyogenic arthritides have been shown and their significance assessed. This study is of necessity retrospective, with the usual attendant limitations, but this method of approach seemed to be the best in view of the changing pattern of venereal disease.
Material and Methods
The case notes of 214 patients classified as cases of gc. arthritis were arranged in three categories:
(1) Definite Gc. Arthritis.-In these cases gonococci were recovered from a joint or tendon sheath effusion by smear or culture.
(2) Probable Gc. Arthritis.-In these cases no gonococci were recovered from a joint, but gonococcal urethritis or cervicitis was proven on smear or culture, the arthritis occurred within 3 weeks of a gonococcal infection, and the urogenital and articular manifestations responded to anti-gonococcal therapy.
(3) Reiter's Syndrome.-In these cases inflammatory arthritis followed an abacterial urethritis. Gonococcal urethritis was also present in some, but with specific therapy the gonococci disappeared without influencing the arthritis and leaving a persistent abacterial urethritis. Conjunctivitis was not considered to be essential for the diagnosis of Reiters' syndrome, since it may appear much later in the course of the disease, or may be so mild that it is missed.
Exclusions.-62 of the 214 patients were excluded from the final analysis.
In nineteen of these, further investigation and follow up revealed other diagnoses: eight had rheumatoid arthritis, three had rheumatic fever, three had arthritis associated with drug sensitivity reaction, two had colitic arthritis (Wright and Watkinson, 1960) , and there were single cases of tuberculosis, the shoulder-hand syndrome, and sickle-cell anaemia.
Eleven patients had fibrous ankylosis of a joint seen at a late stage and attributed to gonorrhoea without any present evidence.
In eight patients no record of a search for gonococci was found, or the investigation was done after the institution of treatment.
In ten patients a purulent urethral or vaginal discharge and an inflammatory arthritis were present, and both cleared rapidly and completely on anti-gonococcal treatment, with no residual chronic mucoid discharge. Clinically, therefore, the diagnosis of gonococcal arthritis seemed possible, but no organism was isolated.
Fourteen patients had no evidence of gonorrhoea and none of pelvic inflammatory disease, the diagnosis having apparently been made from the character of the patient, rather than the character of the disease.
Composition of Series Studied
Sex and Ethnic Group.-Of the 152 patients included in the final analysis, 29 had definite gonococcal arthritis, 72 probable gonococcal arthritis, and 51 Reiter's syndrome. Their distribution in relation to sex, ethnic group, and diagnosis is shown in Table I . More coloured patients than white had gc. arthritis, but the reverse was true, though not so markedly, with Reiter's syndrome. There was a preponderance of women with gc. arthritis which was very striking where the diagnosis was definite (approximately 6 women to 1 man), and very few women had Reiter's syndrome.
In the following analysis figures for each sex have only been given separately where they showed differences or points of particular interest. Residual Disability ( These stood out sharply in contrast to the marrow deeper in the shaft of the ulna, which was mostly fat. The left axillary nodes were swollen and oedematous. There was acute splenic swelling, punctate haemorrhages in the kidneys, haemorrhagic cystitis, thrombosis of the veins of the broad ligaments, old pleural adhesions, and diffuse bronchopneumonia affecting mainly the left lung.
PROBABLE Gc. ARTHRITIS Case 2, a 22-year-old coloured woman, was said to have sprained the right ankle 2 weeks previously. She was desperately ill on admission. Her temperature was 103-4°F. and the left tarsus was exquisitely tender on the inner aspect, with a little swelling. She died 6 hours later. The white blood count was 35,000 per c.mm., the serological test for syphilis was positive, the urine contained 30-40 white cells per high-power field, and the gonococcal complement-fixation test was positive. At autopsy a chronic rheumatic endocarditis with aortic and mitral insufficiency was found. A gonococcal endocarditis of the aortic valve was present, there were gonococcal vegetations at the base of the tricuspid valve. A fibrino-purulent pericarditis was present, and the appearances of a gonococcal septicaemia with a septic choroiditis. No examination of the joint was permitted.
Case 3, a 20-year-old coloured woman with congenital syphilis, had had a white vaginal discharge for 2 months. Gonococci were seen on cervical smear. The left foot began to ache, and after 3 days became swollen, red, and extremely painful over the dorsal and lateral aspects. At this stage she was admitted to hospital and noted to have a temperature of 101-20 F. She was treated with hyperpyrexia in the Kettering hot box and died as a result. At autopsy, around the left ankle there was considerable oedema subcutaneously and in the connective tissue beneath the corium. The periarticular tissues showed oedema and infiltration, with many lymphocytes, plasma cells, and polymorphs. In the joint capsule there were small numbers of large mononuclear cells, a few red blood cells, and occasional polymorphs. The nearby lymph spaces were filled with coagulated protein and leucocytes. No organisms were demonstrated.
Discussion
Although arthritis has long been recognized as a complication of venereal disease, diagnosis has often been confused by a failure to distinguish between gonococcal arthritis (gc. arthritis) and the arthritis associated with abacterial ("non-specific") urethritis.
There seems little doubt that in previous years reviews of gc. arthritis have included patients with Reiter's syndrome (Lees, 1932; Myers and Gwynn, 1935; Keefer and Spink, 1937) .
To clarify this situation it seemed desirable to review a large series of patients from the same hospital population who had arthritis in association with venereal disease. The study was of necessity retrospective in view of the changed incidence of gc. arthritis since the advent of specific drugs. Before the introduction of antibiotics it was estimated that 1 to 5 per cent. of patients with gonococcal urethritis developed gc. arthritis, whereas the incidence is now 0 1-0 3 per cent. (Balboni, 1960) . "Reiter's syndrome" is an unsatisfactory term, for, as Ford (1953) pointed out, Reiter's paper made a negligible if not somewhat misleading contribution to the subject, since he described a case following dysentery, and attributed the arthritis to a spirochaete, and confusion arises when ocular manifestations are absent, as indeed they usually are. However, the eponym has been retained on account of its wide usage, and the lack of a suitable alternative ("venereal arthritis" seems unsatisfactory since one can hardly say that gonococcal arthritis is not a venereal arthritis).
To ensure accuracy in delineating the clinical picture in the present series, strict criteria were laid down for the inclusion of cases in one of the three diagnostic categories: definite gc. arthritis, probable gc. arthritis, and Reiter's syndrome. The definite and probable diagnoses were distinguished not only to maintain certainty in the description of the clinical picture, but also to ascertain the likelihood of the diagnosis "probable gc. arthritis" being correct. The strictness of the criteria necessitated the exclusion of 62 of the original series of 214 patients. In ten of these the clinical picture accorded exactly with that of probable gc. arthritis, but the failure to find gonococci (which was possibly due merely to the well-known difficulty of growing the organism) necessitated their exclusion. (Oates, 1962) .
Comparison of Definite and
The following cases illustrate the likelihood of the diagnosis despite the absence of the prescribed criteria.
Cases 4 and 5.-A 19-year-old coloured woman was admitted the day before delivery of a full-term child. She complained of a stiff neck which had developed suddenly. On admission she had a temperature of 101°F. Arthritis rapidly involved the metacarpophalangeal joints and the left wrist. The joints showed swelling, tenderness, and painful limitation of movement. A cervical smear revealed gonococci microscopically and on culture. Sulphathiazole was given and within a week all symptoms had subsided.
The day after admission this woman gave birth to a normal son. When 12 days old he developed gonococcal proctitis, and 2 days later his ankles became painful, red, and swollen, followed by involvement of the proximal interphalangeal joint of the left middle finger and both wrists. X-ray examination of the ankles showed only soft tissue swelling. Sulphathiazole was given and in 2 weeks all symptoms and signs had abated.
Both mother and son were followed for 12 years and showed no residual disability or recurrences.
The circumstantial evidence for a diagnosis of gc. arthritis in these two patients seems particularly strong. Simultaneous gc. arthritis in mother and neonate has been reported previously (Hench and others, 1938 ), but is rare (Olin, 1954) .
Case 6, a coloured baby girl, was born of a mother with gonococcal cervicitis, and 3 days after birth, developed gonococcal conjunctivitis, which was treated with local irrigation. The next day the metacarpophalangeal joints of both hands became swollen, red, hot, and tender. The white blood count was 26,000 per c.mm. and x-ray examination of the hands showed no abnormality. Sulphathiazole was given and in 3 days all symptoms and signs had cleared.
Case 7, a coloured girl aged 3 years, developed gonococcal vaginitis. One week later the left knee became painful and swollen so that she could not stand. The right knee and right ankle were then involved, and she was admitted to hospital with a temperature of 103°F. The haemoglobin level was 70 per cent., the white blood cell count 17,000 per c.mm., and gonococci were seen on smear of the vaginal discharge. She was treated with mercurochrome and over a period of 4 weeks symptoms and signs gradually abated. There was no residual disability and, during a period of 12 years' observation, no recurrence.
The circumstantial evidence for the diagnosis of gc. arthritis in these four illustrative cases seems very strong.
Clinical Picture of Gonococcal Arthritis.-The belief that the majority of so-called cases of gc. arthritis were in fact examples of Reiter's syndrome (Harkness, 1950; Ford, 1953; Kelly, 1958) has not been substantiated. Gc. arthritis occurred more commonly in women between 16 and 25 years of age, and usually followed 3 weeks after gonococcal urethritis, as others have found (Copeman, 1955; Balboni, 1960) . In one patient, however, there was no preceding urethritis, and the only focus was a pustule on the finger: Case 8, a coloured male child, was born of a mother who had been treated for syphilis during pregnancy. 3 weeks after birth it was noted that the baby was unable to extend the right hip, and 3 days later a pustule developed on the right index finger, the inflammation spreading to involve the palm. Examination of the hip showed a flexion deformity with pain on forcible extension. There was overlying swelling. The axillary and cervical lymph nodes were palpable, and the liver and spleen could be felt. Gonococci were isolated from the finger lesion, but the urine was sterile and contained no cells or albumen. X-ray examination of the hips and fingers showed no abnormality. The patient was treated with sulphathiazole and all disability cleared within 10 days, and during 9 years' observation there was no recurrence.
The onset was usually monarticular, involving the central joints, mostly in the upper limbs; it was almost invariably accompanied by constitutional disturbances, and a temperature above 1010 F. was found in more than half the patients on admission. A polyarthritis developed which most commonly affected the knee, shoulder, elbow, and wrist. Tenosynovitis was a prominent feature in some patients, and was occasionally the only manifestation, as illustrated by the following case:
Case 9, a 22-year-old white man, developed a mucopurulent urethral discharge 10 days after exposure, and was treated at home with sulphanilamide. One week after stopping the drug a tenosynovitis of the right extensor pollicis tendon developed, and he was admitted to hospital with a temperature of 104-80 F. He had a urethral discharge in which gonococci were found on smear and culture, tenosynovitis, and a gland in the right axilla "the size of an English walnut". His white blood count was 17,000 per c.mm. A course of sulphanilamide was given and in 4 days all symptoms and signs had cleared dramatically.
The acute attack usually subsided in 4 weeks. When residual disability was present this commonly affected the knee and occasionally the hip, ankle, or wrist.
Hench has described in detail an arthritis of rheumatoid type precipitated by gonococcal infection (Hench, 1946; Hench and others, 1948; Hench and Boland, 1946) , but the eight patients with rheumatoid arthritis who were excluded from the final analysis in the present study did not fit his clinical description of atypical rheumatoid arthritis, and there was only one patient in whom it seemed that this sequence of events might have occurred.
Case 10, a 47-year-old coloured man, was observed for 28 years as a patient. He began in 1932 with acute arthritis of the knees lasting 3 weeks, associated with a urethral discharge. 4 years later arthritis of the left knee recurred. 70 ml. fluid were aspirated from the knee and gonococci were isolated by smear and culture. This episode also subsided spontaneously in 3 weeks. A third attack occurred 10 years later, 2 days after an operation for strangulated hernia. The arthritis affected the knees and tarsus and subsided after treatment with sulphadiazine. At that time fluid was aspirated twice from the right knee and three times from the left, but no organisms were found. Six years later (1948) he was noted to have severe osteo-arthritis of the knees, both clinically and radiologically. Between 1951 and 1956 he had four attacks of acute arthritis affecting the right wrist, right shoulder, left knee, and both knees respectively. The last attack occurred a week after a bout of diarrhoea for which no cause was found. His white blood count at that time was 10,550 per c.mm., haemoglobin 12-5 g. per cent., serum uric acid 3-4 mg. per cent., serum albumin 3 9 mg./100 ml., and serum globulin 3*8 mg./100 ml. On two occasions the Waaler-Rose differential agglutination test was positive at a titre of 32. An x-ray examination of the hands revealed no abnormality.
This case shows many points of interest. First, proven gc. arthritis occurring before the advent of sulphonamides subsided spontaneously. Secondly, there were frequent recurrences of the condition over a period of 28 years, which is unlike the normal course of gc. arthritis in this and other series (Short, Bauer, and Reynolds, 1957) . Thirdly, this patient would be deemed to have definite rheumatoid arthritis by the criteria of the American Rheumatism Association (Ropes, Bennett, Cobb, Jacox, and Jessar, 1959) . It might be argued that, in fact, this patient had two diseases, gc. arthritis and Reiter's syndrome. Against this is the finding on two occasions of a positive differential agglutination test, which is almost invariably negative in cases of Reiter's syndrome (Wright, 1957; Jacobson, Kammerer, Wolf, Epstein, and Heller, 1956; McEwen, Ziff, Carmel, DiTata, and Tanner, 1958;  Kellgren, Ball, and Bier, 1959; Wilson, Morison, and Wright, 1960 ). Hench's studies were made before the differential agglutination test was in general use, and it may well be that his cases of "rheumatoid arthritis provoked by gonorrhoea" were in fact examples of Reiter's syndrome occurring in subjects who also had gonococcal urethritis.
Difference between Gonococcal and Pyogenic Arthritis.-Although gc. arthritis is caused by a specific organism which produces a purulent discharge from tissues such as the mucous membrane of the urethra, cervix, vagina, and conjunctivae, the clinical presentation of the arthritis differs from that of other types of arthritis caused by bacteria. Some authors have emphasized the destructive character of gc. arthritis (Harrison, Beeson, Resnik, Thorn, and Wintrobe, 1950; Ford, 1958) and have referred to its devastating nature if left untreated (Hench, 1946) , but in this series, even before sulphonamides and penicillin were available, the majority of patients recovered without residual disability, whereas the joints of most patients with pyogenic arthritis show some damage (Chartier, Martin, and Kelly, 1959) . Only in 17 per cent. of the patients with definite gc. arthritis and in 23 per cent. of those with probable gc. arthritis was the disease confined to one joint, whereas a polyarthritis is rare in pyogenic arthritis. Of 77 cases of bacterial arthritis reported from the Mayo Clinic, only two had more than one joint involved (Chartier and others, 1959) . The migratory nature of the arthritis observed in 29 per cent. of patients with gc. arthritis is unusual in pyogenic arthritis. In patients in whom gc. arthritis finally became localized in a single joint, those previously involved showed no residua. All these points raise the possibility of a "hypersensitivity factor" in the arthritis, similar to that thought to operate in rheumatic fever, which the arthritis often resembled at certain stages. The clinical picture was certainly not that of a single infected joint.
Reiter's Syndrome.-The 51 patients who were considered to have Reiter's syndrome formed a valuable group for comparison with gc. arthritis, since they were all drawn from the same hospital population. Some authors insist on the complete triad of urethritis, conjunctivitis, and arthritis for the diagnosis of Reiter's syndrome (Weinberger and Bauer, 1955; Smyth and others, 1959) , but since many years may intervene before conjunctivitis develops (Csonka, 1958a, b) , or it may be so mild that it escapes the patient's notice (Paronen, 1948; Hollander, 1953) , it seemed advisable to include patients with abacterial urethritis and arthritis in this category, as others have done (Ford, 1958; Reynolds and Csonka, 1958) . In 23 patients there was concomitant gonococcal infection, but with specific treatment this cleared, without affecting the arthritis and leaving a non-specific urethritis.
Although described nearly 150 years ago (Brodie, 1818) and achieving its eponym from the description of Hans Reiter (1916) , the syndrome has become more widely recognized since the studies of Harkness (1950) , Csonka (1958a , b, 1960 ), Ford (1953 , 1958 , and others at the London Hospital Oates and Young, 1959; Catterall and Perkins, 1961 Case 11, a 49-year-old coloured man, had gonorrhoea in 1918, accompanied by pain in the ankles and heels which lasted 10 weeks. He then had no further trouble for 8 years, when his feet began to ache and a polyarthritis involved the temporo-mandibular joints, left knee, left hip, wrists, shoulders, and elbows. There was marked limitation of spinal movement and x-ray examination showed ankylosis of the sacro-iliac joints. There was no urethritis, but a chronic prostatitis was present and gonococci were seen in the smear of fluid obtained by prostatic massage. The clinical diagnosis was one of Reiter's syndrome, but joint fluid aspirated from the left knee on two occasions showed gonococci on smear and culture. One is tempted to suggest that in fact this patient had both Reiter's syndrome and gc. arthritis.
Case 12 illustrates the difficulty in diagnosis that may be caused by recurrent arthritis.
Case 12, a 28-year-old coloured woman, was being treated for syphilis in 1929 when she developed arthritis of the shoulders and right sternoclavicular joint, together with a scaly rash of the palms and soles. These features subsided and she had no further trouble until she was 35 years old, when pain and swelling of the right ankle developed. X-ray examination showed no abnormality, and the condition subsided spontaneously. One year later, after 2 months of lassitude, headaches, anorexia, and loss of weight, the left knee became swollen and painful. An x-ray examination showed only soft tissue swelling. 75 ml. fluid were aspirated from the joint and culture grew gonococci. The patient became symptom free after one week's treatment with sulphanilamide. The course of her illness suggested Reiter's syndrome, but the presence of gonococci in the joint fluid substantiated the aetiology of the last attack.
Case 13 is a good example of a patient who appeared to have gc. arthritis, but was in fact a case of Reiter's syndrome:
Case 13, a 16-year-old white youth, developed a purulent urethral discharge 6 days after sexual intercourse. 2 days later an acute arthritis affected the right knee, ankles, and right elbow. On admission to hospital he appeared very ill and drowsy with a temperature of 1030 F. Gonococci were easily recovered from the urethral discharge, a diagnosis of gc. arthritis was made, and treatment with sulphathiazole was instituted. The urethral discharge quickly diminished, but a slight mucoid discharge remained. He remained pyrexial and it was 4 months before the swinging temperature gradually reverted to normal. The joints remained inflamed and both knees were involved. On three occasions 100, 70, and 125 ml. fluid respectively were aspirated from the knees. No organisms were seen or grown from the aspirate in which the sulphonamide level was 5 9 mg./100 ml. on the second tap (blood level 7-8 mg./100 ml.). Circinate balanitis and ulceration of the buccal mucosa developed. The arthritis gradually subsided and he was discharged with restricted movement of the knees and ankles and ankylosed wrists. At the age of 19 years, 3 years later, he had an acute exacerbation in the right knee, from which a total of 350 ml. sterile fluid were aspirated on four occasions. He had a temperature of 1020 F. which settled in one month.
Seven years later he developed acute pain in the left shoulder. X-ray examination showed a roughened head of the left humerus in the region of the bicipital tendon. In the following year he was noted to have pain and stiffness of the back and neck. Harrison and others (1950) The clinical pictures of definite and probable gonococcal arthritis corresponded closely. There was a greater incidence among women, more coloured people were affected than white, and the arthritis usually began between 16 and 25 years of age.
Other points distinguishing gonococcal arthritis from Reiter's syndrome were that the arthritis often began acutely in only one joint. In Reiter's syndrome at the onset pyrexia was less common, upper limb joints were less frequently involved (the shoulder rarely, and elbow never), and the heel was sometimes the site of onset.
During the course of Reiter's syndrome, the lumbar spine and the heel were more often affected and the arthritis was more often symmetrical. On the other hand tenosynovitis was not observed at all, and migratory arthritis was rare. In gonococcal arthritis the acute attack quickly subsided, recurrences were rare, and residual damage was less usual and was confined to one joint in all but one case. Limitation of ankle movement was more common with Reiter's syndrome, which was also characterized by residual shoulder and spine involvement, and painful heels and metatarsophalangeal joints. Keratodermia blenorrhagica and circinate balanitis were found only in patients with Reiter's syndrome. Ocular complications occurred in 22 patients with Reiter's syndrome compared with only 5 of the rest.
The gonococcal complement-fixation test was of no help in distinguishing the types of arthritis. A mild anaemia and raised erythrocyte sedimentation rate was common in all groups, but leucocytosis was commoner in cases of gonococcal arthritis. Radiological changes were found more frequently in patients with Reiter's syndrome. Los cuadros clinicos de artritis gonoc6cica probada y probable se correspondieron estrechamente. La incidencia fue mayor entre las mujeres; menos sujetos de raza blanca que de raza de color eran afectos y la artritis generalmente empezaba entre los 16 y 25 anos de edad.
Otros puntos que distinguieron la artritis gonoc6cica del sindrome de Reiter fueron que la artritis a menudo empezaba de un modo agudo en una sola articulaci6n; en el sindrome de Reiter fiebre en el comienzo fue mas rara, las articulaciones del miembro superior eran menos frecuentemente afectadas (el hombro raramente, el codo nunca) y el talon era a veces el lugar de comienzo.
Durante el curso del sindrome 
